Supplementary information with introduction
In the early 1980 's Van Franeker (1985 observed an average of nearly 12 particles of plastic in stomachs of Northern Fulmars Fulmarus glacialis from the North Sea, but less than 5 particles in fulmars from the presumably cleaner, breeding locations of Bear and Jan Mayen (71°N-8°W) in polar environments of the northern Atlantic Ocean. Southern hemisphere relatives of the fulmar breeding in the Antarctic (Ardery Island, Windmill Islands, Wilkes Land, 66°S-110°E) had still lower levels of ingested plastics in which differences between species appeared linked to migratory behaviour (Van Franeker & Bell 1988) . Fulmarine petrels that never leave the Antarctic seasonal sea ice zone, such as the Antarctic Petrel (Thalassoica antarctica) and Snow Petrel (Pagodroma nivea), had zero or almost zero plastics in the stomach, whereas species known to migrate to more populated parts of the world during winter such as the Southern Fulmar (Fulmarus glacialoides) and especially the Cape Petrel (Daption capense) appeared to hold plastics in their stomach during the migration.
Supplement Figure 1
Frequency of occurrence (incidence) and abundance by number of plastic particles in stomachs of ecologically and morphologically similar species of fulmarine petrels around the world in the 1980s. Stomach contents matched 'expected' differences between polluted industrialized areas and remote areas with likely lower pollution levels.
Supplement Table 1
Abundance of plastics in stomachs of Arctic and Antarctic petrels in the 1980s (from Van Franeker 1985 and Van Franeker & Bell 1988) Full definition of the Ecological Quality Objective on plastic particles in seabird stomachs (OSPAR 2010b) : "There should be less than 10% of northern fulmars (Fulmarus glacialis) having more than 0.1 g plastic particles in the stomach in samples of 50 to 100 beachwashed fulmars found from each of 4 to 5 areas of the North Sea over a period of at least five years". The OSPAR EcoQO approach has not set a date for reaching such level of 'ecological quality'. The fulmar approach has been copied in the European Marine Strategy Directive as one of the indicators for its descriptor 10 on Marine Litter. The equivalent wording for the EcoQO target is 'Good Environmental Status (GES)' which should be achieved by 2020. Because of this date, some countries are considering a temporary weaker target definition (e.g., significant reduction in 2020)
Supplementary information with 'Methods Fulmar study'
Fulmar monitoring for the Save the North Sea project started in 2002 and has participants that collect beached fulmars at a number of locations around the North Sea. For comparative purposes, from the Faroe Islands, stomachs from birds hunted, drowned in longline fisheries or collected for toxicological work by the local Food & Environmental Agency have also been used.
Supplement Figure 2
Fulmar-Litter study sites in the Save the North Sea Project (SNS). Colour of symbols indicates regional grouping into Scottish Islands (red), East England (blue), Channel area (white), Southeastern North Sea (yellow), and Skagerrak area (white). Not all locations are equally active. The Faroe Islands study area is considered as an external reference monitoring site for the North Sea.
Dissection
Bird corpses are stored frozen until analysis. At dissections, a full series of data is recorded to determine sex, age, breeding status, likely cause of death, origin, condition index and other issues. Age, the only variable found to influence litter quantities in stomach contents, is largely determined on the basis of development of sexual organs (size and shape) and presence of Bursa of Fabricius (a gland-like organ positioned near the end of the gut which is involved in immunity systems of young birds; it is well developed in chicks, but disappears within the first year of life or shortly after).
Stomach procedure
After dissection, stomachs of birds are opened for analysis. Stomachs of Fulmars have two 'units': initially food is stored and starts to digest in a large glandular stomach (the proventriculus) after which it passes into a small muscular stomach (the gizzard) where harder prey remains can be processed through mechanical grinding. In early phases of the project, data for the two individual stomachs were recorded separately, but for the purpose of reduction in monitoring costs, the contents of proventriculus and gizzard are now combined. Stomach, contents are carefully rinsed in a sieve with a 1 mm mesh and then transferred to a petri dish for sorting under a binocular microscope. The 1 mm mesh is used because smaller meshes become clogged with mucus from the stomach wall and with food-remains. Analyses using smaller meshes were found to be extremely time consuming and particles smaller than 1 mm seemed rare in the stomachs, and when present contribute little to plastic mass. If oil or chemical types of pollutants are present, these may be sub-sampled and weighed before rinsing the remainder of stomach content. If sticky substances hamper further processing of the litter objects, hot water and detergents are used to rinse the material clean as needed for further sorting and counting under a binocular microscope.
Categorization of debris in stomach contents
The following categorization is used for plastics and other rubbish found in the stomachs, with acronyms between parentheses: 1. PLASTICS (PLA)
1.1.
Industrial plastic pellets (IND).
These are small, often cylindrical-shaped granules of ± 4 mm diameter, but also disk and rectangular shapes occur. Various names are used, such as pellets, beads or granules. They can be considered as "raw" plastic or a half-product in the form of which plastics are usually first produced (mostly from mineral oil). The raw industrial plastics are then usually transported to manufacturers that melt the granules and mix them with a variety of additives (fillers, stabilizers, colorants, anti-oxidants, softeners, biocides, etc.) that depend on the user product to be made. For the time being, included in data output for this category are a relatively small number of very small, usually transparent spherical granules also considered to be a raw industrial product.
1.2.
User plastics (USE) (all non-industrial remains of plastic objects) differentiated in the following subcategories: 1.2.1. sheetlike user plastics (she), as in plastic bags, foils etc., usually broken up in smaller pieces; 1.2.2. threadlike user plastics (thr) as in (remains of) ropes, nets, nylon line, packaging straps etc. Sometimes 'balls' of threads and fibres form in the gizzard; 1.2.3. foamed user plastics (foa), as in foamed polystyrene cups or packaging or foamed polyurethane in matrasses or construction foams; 1.2.4. fragments (fra) of more or less hard plastic items as used in a huge number of applications (bottles, boxes, toys, tools, equipment housing, toothbrushes, lighters etc. 
NATURAL FOOD REMAINS (FOO)
Numbers of specific items may be recorded in separate subcategories (fish otoliths, eye-lenses, squid-jaws, crustacean remains, jelly-type prey remains, scavenged tissues incl. feathers, insects, other).
NATURAL NON-FOOD REMAINS (NFO)
Numbers of subcategories e.g. plant-remains, seaweed, pumice, stone and other may be recorded.
Acronyms
In addition to the acronyms used for (sub)categories as above, further acronyms may be used to describe datasets. Logarithmic transformed data are initiated by 'ln' (natural logarithm); mass data are characterized by capital G (gram) and numerical data by N (number). For example lnGIND refers to the dataset that uses ln-transformed data for the mass of industrial plastics in the stomachs; acronym NUSE refers to a dataset based on the number of items of user plastics.
Particle counts and category weights
For the main categories 1 (plastic) and 2 (rubbish) we record for each bird and each (sub)category:  The number of particles (N=count of number of items in each (sub)category)  mass (W=weight in grams) using Sartorius electronic weighing scale after at least a two day period of air drying at laboratory temperatures. For marine litter (categories 1 to 3 above), this is done separately for all subcategories. In the early Fulmar study we also weighed the natural-food and natural-non-food categories as a whole, but this was discontinued in 2006 to reduce costs. Weights are recorded in grams accurate to the 4th decimal (= tenth of milligram). On the basis of these records, data can be presented in different formats: Incidence The simplest form of data presentation is by presence or absence. Incidence (Frequency of occurrence) gives the percentage of investigated stomachs that contained the category of debris discussed. The quantity of debris in a stomach is irrelevant in this respect. Arithmetic Average Data for numbers or mass are frequently shown as averages with standard errors (se) calculated for a specific type of debris by location and specified time period. Averages are calculated over all available stomachs in a sample, so including those that contained no plastic ('population averages'). Especially when sample sizes are smaller, arithmetic averages may be influenced by short term or local variations or extreme outliers. An option then is to pool data over a larger area or longer time period. An alternative to reduce the influence of outliers is by logarithmic transformation of data.
Geometric Mean
Sample sizes may not be large enough to average out the impact of occasional extreme outliers. Therefore, data are often additionally presented as geometric means, calculated from logarithmic data values. Logarithmic transformation reduces the role of the higher values, but as a consequence the geometric mean is usually considerably lower than the arithmetic mean for the same data. In mass data for plastics in the Fulmar stomachs, geometric means are only about one third to half of the arithmetic averages. Geometric means thus do not properly reflect absolute values, but are useful for comparative purposes between smaller sample sizes, for example when looking at annual data rather than at 5-year-periods. Logarithmic transformation cannot deal with the value zero, and thus the common approach chosen is to add a small value (e.g. 0.001g in mass data) to all data points, and then subtracting this again when the mean of log values is back-calculated to normal value. However, this implies that geometric means are less reliable with an increasing number of zero values in a dataset. The natural logarithm (ln) is used to compute geometric means. EcoQO performance OSPAR (2010b) words its Ecological Quality Objective (EcoQO) for levels of litter (plastic) in stomachs of fulmars (the 'Fulmar-Litter-EcoQO') as: "There should be less than 10% of northern fulmars (Fulmarus glacialis) having more than 0.1 gram plastic particles in the stomach in samples of 50 to 100 beach-washed fulmars from each of 4 to 5 different areas of the North Sea over a period of at least 5 years". Thus, the information requested for OSPAR and the EcoQO focuses on the category of 'total plastic' and pooled data for 5-year periods over larger areas, and a simple decision rule for each stomach if the plastics in it weigh more than 0.1 gram or less, including zero. EcoQO compliance or performance is defined as the percentage of birds in a sample that has 0.1 g or more plastic mass in the stomach. The OSPAR target is thus to reduce that percentage to under 10%. The EcoQO format is a highly simplified form of data-presentation but through that simplicity escapes the problems faced by more sophisticated procedures as a consequence of excessive outliers or a large proportion of zero values in a data set. In the background however, details of various subcategories of litter continue to play an important role for correct interpretation of the EcoQO metric.
Data pooling
To avoid erratic information on the level of ingested plastics from short term variations, data are frequently pooled into 5-year periods. Such pooled data for 5-year periods are not derived from the annual averages, but are calculated from all individual birds over the full 5-year period. For data presentation, the Current Situation of plastic ingestion is defined as the figures for incidence and number or mass abundance for the most recent 5-year period, not the figures for the recent single year. Time related changes are illustrated in graphs by running 5-year averages, each time shifting one year and thus overlapping for four years. For pooling study locations in the North Sea, the OSPAR EcoQO target definition has triggered a grouping into five areas or regions ( Fig. 1) : the Scottish Islands (Shetland and Orkney), East England (northeast and southeast England), the Channel (Normandy and Pas de Calais), South-Eastern North Sea (Belgium, Netherlands and Germany), and the Skagerrak (Skagen, Denmark, Lista, Norway and Swedish west coast)
Statistical tests
Data from dissections and stomach content analysis are recorded in Excel spreadsheets and next stored in Oracle relational database. GENSTAT 17 was used for statistical tests (http://www.vsni.co.uk/software/genstat/). As concluded in the pilot study (Van Franeker & Meijboom 2002) and later reports, statistical trend analyses for EcoQO purposes are conducted using mass data. Tests for trends over time are based on linear regressions fitting ln-transformed plastic mass values for individual birds on the year of collection. Logarithmic transformation is needed because the original data are strongly skewed and need to be normalized for the statistical procedures. The natural logarithm (ln) is used. Tests for 'long term' trends use the full data set; 'recent' trends only use the past ten years of data. This 10-year period was derived from the pilot study (Van Franeker & Meijboom 2002) , which found that in the Dutch situation a series of about eight years was needed to potentially detect significant change. To be on the safe side in our approach, this period was arbitrarily increased to a standard period of 10 years for tests of current time related trends. The test statistic is a t-score (t) defined by t = b1 / SE where b1 is the slope of the sample regression line, and SE is the standard error of the slope. Statistical tests of regional differences are conducted in GENSTAT 17th edition, using mass data from individual birds over the most recent 5-year period. Regional differences in ingested plastic mass were evaluated by fitting a negative binominal generalized linear model with region as a factor with a log ratio link function and estimated dispersion parameter. The test statistic is a t-score for residual variance for the region.
Summary of Fulmar data presentation and analysis:
 Incidence -Incidence represents the percentage of birds having plastic in the stomach  Average ± se -These refer to straightforward arithmetic averages from all available samples (population average), usually given with standard errors.  Geometric mean -Refers to geometric means calculated using data transformation (natural logarithm) reducing influence of extreme outliers.  EcoQO performance -The % of birds having more than 0.1 gram of plastic in the stomach.  Pooled data -Data are mostly presented as pooled over 5-year periods to avoid incidental short-term fluctuations. The 'Current level of plastic ingestion' is defined by pooled data for the most recent 5 years, not by an annual figure. Graphs often use the pooled data for 5 years, but shifting one year by data point. Data points and connecting lines only intend to visually illustrate trends over time or geographic patterns and have no statistical relevance.  Statistics -Statistical analyses are solely based on the mass of plastic using ln-transformed data from individual birds. Tests for significance of trends over time are based on linear regressions of ln-transformed data against year of collection. The long-term trend is derived from the full dataset, the Recent trend from only the most recent 10 years of data. Regional differences were fitted in a negative binomial generalized linear model with region included as a factor and test statistic a t-score based on residual variance for the region (Genstat 17th Edition).
Supplementary information with Results retention time in fulmar stomachs
Supplement 
Supplement Table 3
Decrease in squid beak abundance in stomachs of fulmarine petrels in the Windmill Islands, Antarctica 1985-1987 from early incubation period to middle of the breeding season; derived from Van Franeker et al., 2001*, Table 7 ). ). Snow Petrels had low abundance of squid beaks to start with, because they winter in the sea ice close to the breeding areas. Notes on rates of disappearance of plastic debris from stomachs in other species The conclusion for fulmars and allies that an estimated 75% of harder plastics in a stomach are ground within a month to dust and sizes small enough to pass in to the intestines cannot be generalized, as this will depend on the size, stomach morphology and feeding habits of the species Table 1 ). The bulk of these plastics came from ingestion of plastics by the parent birds in wintering areas at least ~3 months earlier, and had no relation to local pollution levels. However, to be fed to chicks, plastics must have been residing in the parental proventriculus, where no grinding occurs, over the egg incubation period, and once in gizzards of chicks, the small size of these birds may require that plastics have to be ground to much smaller sizes before they can pass into the intestines. Industrial granules have their original size mostly in the range of 4 to 5 mm. Fulmars likely can excrete the granules earlier at relatively larger residual size than storm petrels. Average mass of remaining pellets in stomachs of fulmars from the North Sea is around 0.023 gram, whereas pellets remaining in Wilsons Storm-petrels in the Antarctic were extremely worn and only weighed ~0.005 g on average
Supplementary information with Results 'Consistency in regional patterns'

Supplement Figure 3
Map of the north Atlantic showing locations mentioned in relation to spatial patterns of plastic ingestion by northern fulmars (Supplement Table 4 and Supplement Table 5 ).
Supplement Table 4
Large-scale latitudinal patterns in plastic ingestion in Northern Table 5 Regional EcoQO performance (proportion of Fulmars having > 0.1 g plastic in the stomach) in sub-regions within the North Sea, and on Faroe Islands, in running 5-year periods 2002 to 2011, as displayed in Figure 3 of the main paper.
Supplementary information on results for trends in ingested plastics
Supplement Table 6 Running 5-year averages of plastic abundance in Fulmars from the Netherlands since the 1980s. Data show incidence, and arithmetic averages ± se for number of particles and mass for each of the major categories and total of plastics in running 5-year averages (i.e. data points shift one year ahead at a time). For all plastics combined, geometric mean mass and EcoQO performance are added. Five-year periods shaded grey should not be used because of small sample sizes (n<20). 
SURVEY BY GAMM OF TIME TRENDS IN PLASTICS IN FULMAR STOMACHS
Because of its policy perspective, the Fulmar EcoQO approach (Van Franeker et al., 2011) has its main focus on the direction and significance of recent trends (past 10 years) as reflected by linear regression analyses of mass of plastic. However, for the long-term changes in particle number and mass considered in this paper, data patterns in long-term trends are the main focus, and these were evaluated by Generalized Additive Mixed Models (GAMM) using R software Version 3.0.3. Where GAMM indicates estimated degrees of freedom (edf) at or close to value 1, the trend can be considered as a linear relationship. Higher edf values indicate more complicated non-linear trends. Data in Supplement Table 7 show that changes over the time-period 1979-2012 for number and mass of industrial plastics are best considered as linear correlations, but that user plastics have undergone more complicated non-linear changes, which however differ for number of user particles and user plastic mass (Supplement Figure 5  A, B) . For all plastics combined, trends for numerical abundance (Supplement Figure 5 C ) are similar to those of user plastics, but a linear relation is indicated for mass. The GAMM patterns match those revealed by the running 5-year averages for user plastics in fulmar stomachs ( Figure 5 in the paper): the number of particles increased strongly in early years, and remained fairly constant after the 1990s. However, mass data do show a similar initial increase, but then decreased as a consequence of reduced sizes of user plastics in fulmar stomachs.
Supplement Table 7
Output from GAMM analyses for trends in plastic abundance by number or mass in fulmar stomachs 1979-2012 (n=973) . Shown are results for only term 'year'. Additional smooth terms such as age and sex were also tested but produced no different conclusions. Total nr of plastic particles Table 8 Linear regression results for plastic abundance in stomachs of fulmars in the Netherlands 1979-2012. Note that GAMM analyses indicate that only industrial plastics (by number and mass) and total plastics (by mass) follow linear trend patterns, whereas the others show variable non-linear patterns (plus or minus signs indicate increasing resp. decreasing linear trends and significance levels as ns=not significant and number of symbols reflecting significance levels at p<0.05, p<0.01 and p<0.001) Data analyses are complicated by the fact that user plastic particles have shown a change in particle size over time. This is evident from Fulmar data (see Supplement Figure 6 ), but was also reported for the North Atlantic subtropical gyre by Moret-Ferguson et al. (2010 
Supplement Figure 6
Changes over time in user plastic particle size (mass), but not in industrial pellets in stomachs of fulmars from the Netherlands. Data derived from annual sums of mass divided by number of particles. We are currently studying the size and mass of individual particles, but these data are not yet available.
6. Supplementary information on data selection for the North Atlantic subtropical gyre.
Supplement Figure 7
SEA neuston net trawl station positions 1986-2012. One-time transects east of 50°West were ignored. Data analysis focused on the 'central gyre' arbitrarily defined as area 20-40°N and 60-80°W, which avoids the shelf and Caribbean areas and which has average plastic debris densities about three times the level seen in the other, 'peripheral' areas.
Supplement Figure 8
Data survey to explore impact of large number of zero observations and extreme outliers on average densities calculated as either 'sum of particles / sum of area surveyed' per year (circles, no standard errors) or as averages calculated from individual tow densities during the year (triangles ± standard errors). (Data for all of the Atlantic Gyre west of 50°W, and no exclusion of likely erroneous sample counts with industrial >=10 but user=0). We conclude that both modes of calculation produce very similar averages, and here the individual tow calculation with standard errors for the means is preferred.
Supplement Figure 9
Background of exclusion of tow data when more than 10 industrial granules were reported but zero user plastic particles. The percentage of industrial granules among all plastic particles in the gyre averages below 7%. Assuming a 10% occurrence, the likelihood to obtain a tow with 4 industrial particles but zero user plastics approaches zero (red dashed line). We excluded tows that reported 10 or more industrial granules but zero user plastics as such combinations are utterly unlikely and suspected of being data entry errors. The line for observed frequencies is based on all counts west of 50°W; 6844 tows; 5429 industrial granules and 78697 user particles in nets). Table 9 5-year running averaged data and linear regression results for the central part of the North Atlantic subtropical gyre, excluding tows with more than 10 industrial granules but zero user plastics. This dataset was mostly used in the paper to illustrate trends. See next pages for comparative information on full data set and annual figures for central part and periphery of the gyre
Supplementary information North Atlantic subtropical gyre results
Supplement
Supplement Table 10
Output from GAMM analyses for trends in plastic abundance by number in the central part of the North Atlantic subtropical gyre, n=2624 tows 1987-2012. Additional smooth terms such as latitude and longitude were also tested but produced no different conclusions. Where GAMM indicates estimated degrees of freedom (edf) at or close to value 1, the trend can be considered as a linear relationship (A) and (B) refer to plotted trends in Supplement Figure 10 .
Supplement Figure 10
Complex non-linear trends over time as suggested by GAMM for user plastic (A) and total plastic (B) abundance in the central part of the North Atlantic subtropical gyre. Extreme outliers in individual years render any analysis complicated.
Supplement Table 11
Linear regression results for numerical plastic abundance in central part of the North Atlantic subtropical gyre. GAMM analysis indicates indeed linear fit for industrial pellets, but a complicated non-linear pattern for user particles, which in linear analysis shows no noticeable overall change (plus or minus signs indicate increasing resp. decreasing linear trends and significance levels as ns=not significant and number of symbols reflecting significance levels at p<0.05, p<0.01 and p<0.001) Table 12 Annual averaged data for A) Central gyre, B) peripheral areas around the gyre, and C) ALL tows in the North Atlantic gyre west of 50°W including unlikely tows with more than 10 industrial granules but zero user plastics.
GAMM analysis ~year
A)
Central Atlantic Gyre -annual averages (area 20°N-40°N and 60°W-80°W, unlikely Table 13 Linear tests for trends in annual densities of industrial and user plastic in the North Atlantic subtropical gyre. A. central part of gyre b. peripheral parts of gyre C. total (cf. Supplement Table 12 ). Industrial plastics decreasing in all three datasets. Increase in user plastics suggested from data in periphery probably linked to few outliers in recent years, and not present in the overall data set combining central and peripheral data.
A. B).
C.
Linear regression on annual densities of plastics in the central N.Atlantic Gyre (1987-2012; 2624 
Photographs of samples
Photo examples of Fulmar stomach contents Sample NMD-2010-001 with plastics from proventricular stomach contents on left, and gizzard contents on the right. Preproduction plastic pellets for each subsample on top right are 4 to 5 mm in diameter.
Sample FAE-2011-X29, with single preproduction plastic pellet (diameter 4-5mm) at top left.
